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Expression of Myogenic Regulatory Factors in the 
   Pharyngeal Muscle of the Mouse Embryos
Asuka  KISHI, Hiroshi  SAITOand Akino bu  USAMI
   Morphogenesis of the pharynx, which is involved in swallowing, remains unclear. In 
the present study, the expression of myogenic regulatory factors: MyoD, Myf5, myo-
genin, and MRF4, were immunohistologically examined using mouse embryos. Myf5 
protein was expressed in the caudal pharynx at embryonic day 12 (E12), while MyoD, 
myogenin and MRF4 proteins were expressed at  E13. Subsequently, the expressions 
spread from the caudal to cranial pharynx over time by E15. Thus, muscle precursor 
cells in the pharyngeal muscles differentiate into mature myotubes during the embry-
onic stages and they spread throughout the entire pharynx by E15. 
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             Introduction 
 Swallowing is a movement to send ingested 
food to the stomach through the pharynx 
and esophagus. This movement starts in the 
 embryo1). Also, tongue and head movements 
start in the  embryo2). The morphogenesis of 
skeletal muscles of the areas are critical for 
these movements. The pharyngeal muscles 
are skeletal muscles involved in  swallowing3). 
Several reports have been published on skeletal 
muscles involved in oral  movements4,5). Tongue 
muscles involved in tongue movements complete 
maturation at  birth4). The masseter muscles 
remain immature at  births5). On the other 
hand, few reports have been published on the 
morphogenesis of the pharyngeal muscles. The 
timing of the morphogenesis of the pharyngeal 
muscles remains unclear. 
 The skeletal muscles are formed through 
the differentiation and maturation of muscle
precursor cells into myoblasts and myotubes. 
In these processes, myogenic regulatory factors 
(MRFs), transcription factors that are specifically 
expressed in the skeletal muscles, play an 
important  role6). The MRFs include Myogenic 
differentiation 1  (MyoD)7), Myogenic factor 5 
 (Myf5)8),  myogenin9,10), and Myogenic factor 6 
 (MRF4)11). MyoD and Myf5 are involved in the 
differentiation of muscle precursor cells into 
 myoblasts12,13,14). Myogenin is involved in the 
differentiation of myoblasts into  myotubes15.16). 
MRF4 expression is involved in myotube 
 maturationtion17). 
 In the present study, the development and 
morphogenesis of the pharyngeal muscles were 
examined along with expressions of MRFs 
proteins. 
        Materials and Methods 
 Pregnant ICR mice were purchased (Nippon 
Clea, Tokyo, Japan). ICR mice at embryonic
days  11, 12, 13, 14 and 15  (E11, E12, E13,  E14 
and E15) were used in this study. Mice in this 
study were used in accordance the Guidelines 
for Animal Experiments at Ohu University 
(2014-14). Mice were deeply anesthetized 
with dimethyl ether. Mice were euthanized to 
remove embryos. The embryos were fixed in 4% 
paraformaldehyde-phosphate buffer (pH7.4) at 
4°C for 24 hours. Then, to observe the midline 
region, paraffin blocks were made according to 
routine procedures to prepare serial sections 
with a thickness of 5 µ m in a sagittal direction. 
 For morphological observation, hematoxylin 
and eosin  (H-E) staining was conducted with 
an optical microscope  (Optiphot-2, Nikon, 
Tokyo, Japan). 
 Immunohistochemical staining was routinely 
conducted to examine the protein expressions 
of the MRFs. After blocking in 3% hydrogen 
peroxide methanol at room temperature for 10 
minutes, polyclonal rabbit anti-MyoD  (1 200, 
Bioss, Boston, MA, USA), polyclonal rabbit 
 anti-MyfS  (1 500, Bioss, Boston, MA, USA), 
monoclonal rabbit anti-myogenin  (1 200, 
Abcam, Cambridge, UK), and polyclonal rabbit 
anti-MRF4  (1 500, Bioss, Boston, MA, USA) 
antibodies were employed as primary antibodies. 
Staining was conducted at 4°C overnight. After 
washing with phosphate-buffered saline (PBS 
pH7.4), Histofine Simple Stain MAX-PO (R) 
(Nichirei Biosciences., Tokyo, Japan) was applied 
as a secondary antibody at room temperature 
for an hour. Finally, Diaminobenzidine coloring 
(Nichirei Biosciences., Tokyo, Japan) reaction 
was conducted for observation with an optical 
microscope  (Optiphot-2, Nikon, Tokyo, Japan). 
               Results 
 1.  E11 
 In the  Ell mouse, mesenchymal cells scattered 
throughout the entire pharyngeal subepithelial 
connective tissue, although they accumulated
at a higher density in the caudal pharynx (Fig. 
 1A). In the  E11 mouse, none of the MRFs was 
positive in the pharynx (Fig.  1B-  E). 
 2.  E12 
 In the  E12 mouse, the primordial hyoid bone 
was found in the cranial larynx. In addition, 
the primordial first cervical vertebra was noted 
in the dorsal pharynx. In posterior pharyngeal 
wall, the cell density was lower in the cranial 
pharynx, and was higher in the caudal pharynx 
with cell accumulation (Fig. 2A). In the  E12 
mouse,  Myf5 proteins was positive in the caudal 
pharynx relative (Fig.  2B-E). 
 3.  E13 
 In the E13 mouse, the primordial cricoid 
cartilage was found in the ventral pharynx. 
 In posterior pharyngeal wall, the cells 
accumulated around the upper end of the first 
cervical vertebrae cranially to the reference line. 
In anterior pharyngeal wall, the cell at a higher 
density in the caudal pharynx (Fig. 3A). In the 
 El3 mouse, MyoD,  Myf5, myogenin, and MRF4 
proteins were positive in posterior pharyngeal 
wall, upper end of the first cervical vertebrae 
cranially to the reference line. In anterior 
pharyngeal wall, none of the MRFs protein was 
positive in the pharynx (Fig.  3B-  EX 
 4.  E14 
 In the  E14 mouse posterior pharyngeal wall, 
the cell density was higher throughout the 
entire laryngopharynx. In anterior pharyngeal 
wall the cell density accumulated around the 
upper of the cricoid cartilage (Fig. 4A). In the 
 E14 mouse posterior pharyngeal wall, MyoD, 
 Myf5, myogenin, and MRF4 proteins were 
positive throughout the entire laryngopharynx. 
In the anterior pharyngeal wall, MyoD,  Myf5, 
myogenin, and MRF4 proteins were positive 
around the upper of the cricoid cartilage (Fig. 
 4B-E). 
 5.  E15 
 In the  E15 mouse posterior pharyngeal wall,
cells were noted even in the nasopharynx, and 
the cell density was higher throughout the 
entire pharynx. In the anterior pharyngeal 
wall, cell accumulation was higher than  E14 
mice in the upper pharynx (Fig. 5A). In the E15 
mouse, the four MRFs proteins were positive 
throughout the entire pharynx (Fig.  5B-E). The 
timing of MRFs expressions is shown in Table 1. 
              Discussion 
 In the mouse pharynx, the nasopharynx is 
located between the nasopharyngeal hiatus and
nasal cavity, and the laryngopharynx is located 
between the nasopharyngeal hiatus and rostral 
fourth of the plate of the cricoid  cartilage18). 
In the  E12 mouse, the cell density was lower 
in the cranial pharynx, and was higher in the 
caudal pharynx with cell accumulation by the 
morphological observation. Myf5 protein was 
positive. Myf5 is involved in the differentiation 
of muscle precursor cells into  myoblasts12,13,14), 
suggesting that differentiation into myoblasts 
starts at  E12 in the pharynx. In addition, 
since the expression site of Myf5 protein
corresponded to the cell accumulation site in 
the caudal pharynx, muscle precursor cells 
may accumulate in the pharynx. Myogenin is 
involved in the differentiation of myoblasts 
into  myotubes15,16), and the expression of MRF4 
implicates myotube  maturation17). It is suggested 
that myoblast differentiation coincides with 
myotube differentiation and maturation in the 
pharyngeal muscles. Although MyoD protein 
was negative at  E12, MyoD protein was positive 
at  E13. MyoD and Myf5 are involved in the 
differentiation of muscle precursor cells into 
 myoblasts12,13,14). The expression of myoD mRNA 
was later than that of Myf5 mRNA during 
mouse  development19,20,21,22). 
 At  E14 when the primordial pharyngeal
cartilage appeared, all the four proteins were 
positive in the laryngopharynx. At  E15, they 
were positive in the cranial nasopharyngeal 
region. Thus, pharyngeal cells proliferate from 
the caudal to cranial regions over time and 
also in the  MRFs- proteins positive regions, 
suggesting that the pharyngeal muscles are 
formed from the caudal to cranial regions. The 
posterior pharyngeal wall is formed earlier 
than the anterior pharyngeal wall, because 
the former shows earlier cell accumulation and 
positive reactions for MRF proteins than the 
latter. 
 The esophagus adjacent to the pharynx 
consists of the same  foregut-  derived tissues as 
the pharynx. In the esophagus of the embryo,
the mRNA expressions of MRFs are first noted 
in the cranial regions close to the pharynx and 
subsequently in the caudal  regions19). Thus, 
myogenesis in the pharynx and esophagus may 
start at and spread from their adjacent site. 
In the esophagus, Myf5 mRNA was expressed 
first, followed by myogenin, MRF4, and MyoD 
mRNAs on the following day, suggesting that 
the esophagus is formed in the same manner as 
the pharynx. 
 The expressions of MRFs mRNA in the 
embryo differ with sites. In the trunk, Myf5 
mRNA is first expressed at E8, myogenin 
 mRNA  at E8.5, MRF4  mRNA  at  E10 and 11, and 
MyoD mRNA at  E10.5. In the skeletal muscles 
of the limb bud, Myf5 mRNA is expressed at
 E10-12, myogenin mRNA and MyoD mRNA 
at  E10.5, and MRF4 mRNA at  E1620,21,22). In the 
skeletal muscles involved in oral functions, 
MyoD mRNA, Myf5 mRNA, and myogenin 
mRNA are expressed at  Ell, and MRF4 mRNA 
at  E13 in the mouse tongue  muscles4). The 
movement of the mouse tongue starts at  E13- 
14 2), although the maturation of skeletal muscle 
was completed at birth in the tongue muscles, 
but not in the masseter  muscles5). The initiation 
of suckling by the tongue muscles differs from 
that of biting by the masseter  muscles23). Thus, 
muscle maturation may be associated with the 
muscle  functione. 
 In the present study, MRF4 protein was 
positive at  E13, indicating myotube maturation,
and spread throughout the entire pharynx at 
 E15, suggesting that all pharyngeal muscle 
tissues matured at E15 or later depending on 
the timing of swallowing in the embryo.
              Conclusion 
 The morphogenesis of the pharyngeal muscles 
starts in the proximal part of the esophagus , 
and all pharyngeal muscles mature by  E15, 
as revealed by the expression of MRF4. These 
findings may be associated with the start of 
swallowing. 
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